Abstract: Endophytic fungi (EF) colonize plant tissues without causing damage; this relationship brings benefits to both, including a greater resistance to environmental stresses, but the influence of genotypes and culture system in endophytic community is still unraveled. Thus, this work aimed to study EF from Sorghum bicolor and correlate to its genotypes submitted to different culture systems; their potential to produce antimicrobial compounds was also evaluated. To optimize the production of metabolites, four isolates were submitted to liquid medium and the crude extracts of different culture times were analyzed. EF of leaves of Qualimax and SF15 genotypes were isolated after superficial disinfection. Fungal identification was made using classical taxonomy. As results, the traditional system presented the lowest number EF isolates, while the minimum system showed the highest. The genera Aspergillus, Fusarium, Penicillium, Cladosporium, Curvularia and Syncephalastrum were found; Aspergillus spp. was pointed out as a predominant endophyte of genotype Qualimax. Among the 25 endophytes submitted antimicrobial activity assay in solid medium, 21 presented antibacterial activity against at least one bacterium with the highest inhibition zone of 29.3 mm of diameter against Staphylococcus aureus. All EF submitted to liquid medium kept the capacity to produce antibacterial metabolites. In conclusion, regardless of genotype and culture system, sorghum is colonized by different EF, mainly Aspergillus spp. EF from leaves of S. bicolor produce antibacterial compounds and their biotechnological applications can be explored in future.
Introduction
 Sorghum bicolor (L.) Moench (Family Poaceae) is popularly known in Brazil as "sorgo" or "milho-zaburro" and represents one of the most important fodder supports for livestock in the Brazilian semi-arid region, once it is a crop of high potential for production of green mass in this climatic condition. Additionally, S. bicolor is a xerophytic plant with low requirements in soil fertility and high tolerance to drought and saline stresses [1] .
Due to the advantages in its use for forage, different genotypes of sorghum has been introduced in the market, but information about these genotypes and their interactions with microorganisms, such as endophytic fungi (EF), have been poorly reported [2] . Diverse researches about fungi associated with well-characterized and economically important plants often reveal new taxa and new distributions of the known species. These studies contribute to the knowledge of interactions between different plants and microorganisms, contribute to the study of biodiversity, and reveal possible microorganisms that can be biotechnologically exploited [3, 4] . In addition, researches in this area can also provide a better understanding of the different types of genotypes submitted to different crop systems and their influence in the plant endophytic microbiota.
In recent years, several studies have been carried out to explore the diversity of EF of crop plants, as well as the application of these microorganisms in the bicolor are still rare in Brazil, thus arising the need for studies in this area.
The present work aimed to study EF associated with two genotypes of forage S. bicolor submitted to three different crop systems in the Brazilian northeastern semi-arid region, in the municipality of Serra Talhada, state of Pernambuco. In addition, the potential production of antimicrobial compounds by the EF was also evaluated.
Materials and Methods

Cropping Systems, Genotypes and Sample Collection
Two sorghum genotypes (Qualimax and SF- 15) submitted to three different crop systems (conventional, minimum cultivation and no-tillage) composed the experimental treatments.
The collection of plant material was carried out at the Experimental Station of the Institute of Farming Research of Pernambuco (IPA), Serra Talhada, state of Pernambuco, Brazil. Leaves of five healthy adult plants from each genotype submitted to a different crop system were randomly collected, labeled and placed into plastic bags previously autoclaved. From each sorghum plant, three leaves were randomly selected, from which five fragments were removed, thus totaling 15 leaf fragments of each individual plant, and 75 leaf fragments of each genotype. Two genotypes submitted to three cropping system were analyzed, totaling 450 fragments of sorghum leaves.
The samples were sent under refrigeration to the Laboratory of Microbiology of the Federal Rural University of Pernambuco, Academic Unit of Serra Talhada, Brazil, for further analyses.
Isolation, Quantification and Identification of EF
Endophytic fungal isolation was performed according to Araújo et al. (2002) [9] . For elimination of epiphytic microorganisms, the plant material was submitted to the surface sterilization process in which sorghum leaves were washed in running water, followed by immersion in 70% ethanol for 1 min, in sodium hypochlorite (2%-2.5% active chlorine) for 4 min, in 70% ethanol for 30 s and washed three distilled and sterilized water.
After superficial sterilization, the samples were cut into 0.5 cm The identification of EF was done using macroscopic characteristics of the colonies (color, aspect, consistency and presence of pigmentation) and microscopic characteristics (morphology of vegetative and reproductive structures). The following literature was used for identification [11] [12] [13] [14] [15] . Potato Dextrose Agar (PDA) (potato infusion 200 g/L, dextrose 20 g/L, agar 15 g/L, pH 5.6), SDA and Water Agar were utilized and incubation was at 28 ± 2 °C during up to 30 d.
Screening and Agar Plug Assay
Twenty five purified EF were selected and submitted to agar plug assay [16] which is a technique that permits a rapid and qualitative selection of the The tests were performed in triplicate and the measurements of the inhibition zones were expressed in millimeters by means of triplicates.
Fermentation and Disk Diffusion Assay
The EF that showed the best activity in the agar plug assay were evaluated in liquid culture medium 
Results and Discussion
Quantification and Diversity of EF
As all living organisms, plants are colonized by a wide variety of microorganisms that constitute their microbiome. The sum of the plant plus its microbiome composes the holobiont, which present interdependent and complex dynamics such as the ecological systems of higher organisms [18] . The holobiont of a vegetable is a good example of how the interaction between the plant and its microbiome brings advantages to its constituents. In the case of plants, the microbiome is composed of the rhizosphere, phylosphere and endosphere [19] ; endophytic microorganisms compose the endosphere.
From 450 fragments of leaves of S. bicolor, 107 fragments of genotype Qualimax and 81 fragments of genotype SF-15 were colonized by EF, representing a colonization rate of 47.5% and 36%, respectively. The SF-15 genotype presented the higher number of EF (38) when submitted to conventional planting, followed by Qualimax that presented 37 EF when submitted to both conventional and minimum cultivation systems. It was registered the lowest colonization rate (17.3%) in SF-15/no-tillage sorghum (Table 1) . 
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Based on their macromorphological characteristics, 61 fungal isolates were selected and purified, from which 31 were taxonomically identified. The genera Aspergillus, Fusarium, Penicillium, Cladosporium, Curvularia and Syncephalastrum were found as endophytic of leaves of sorghum (Tables 2 and 3) . Thirty isolates were classified as "filamentous fungi" or "yeast" because they did not develop reproductive structures.
Among the identified fungal isolates, Aspergillus was the genera presented in all analyzed conditions (except for genotype SF-15/minimum cultivation) with 14 occurrences, 11 from genotype Qualimax and three from genotype SF-15; A. niger was the most presented species. Zida et al. (2014) [8] found different results in a study about EF from leaves, roots and stem of sorghum that showed Fusarium, Curvularia and Penicillium as the most represented genera, but not Aspergillus. These same authors also pointed out Leptosphaeria sacchari, Gloeocercospora sorghi, Acremonium and Bipolaris as endophytic fungal commonly isolated from sorghum leaves, and Penicillium, Curvularia and Fusarium as not specific to a given host tissue. In a study about EF from roots of S. bicolor in semi-arid of Pernambuco, Brazil, Fusarium and Curvularia were predominant [20] . Fusarium, Cladosporium and Curvularia occurred in leaves of both sorghum genotypes analyzed in the present study, confirming that these genera commonly establish mutualist association with plants, although they are also reported as phytopathogenic [21] .
Fusarium for example is commonly found as phytopathogen as well as endophyte, i.e., without causing any apparent damage to the plant, what proves that a microorganism can live only part of its life cycle as an endophyte and develop different types of association, what may lead to the production of different metabolites [22] .
Many biotic and abiotic factors influence in endophytic community of the same vegetal species, such as geographical location, climate, agricultural practices, plant tissue and microbial soil composition, thus EF occupy millions of unique ecological niches in many environments [23, 24] . These factors play an important role in determining the structure and composition in the communities present in the endosphere [25] . Different methods of study, such as culture-independent methods, also influence in the endophytic community. Thus, each research may show a core group of species consistently isolated from any given host as well as long lists of incidental species, including new taxa [26] . Characteristics of plant host are also important features that influence endophytic community 272 composition. S. bicolor (L.) Moench is a well-known crop and its rusticity, high biomass production and great tolerance to water deficit are often mentioned [27] . By the other hand, research about how sorghum genotype influences in its endophytic community composition are scarce. Studies in this area have shown that monoculture, cultivation techniques and plant genotype change bacterial and fungal diversity in soil [28] [29] [30] [31] . Microbial community in soil may reflect in endophytic fungal composition, but more detail work is necessary to correlate plant genotype and cultivation systems with endophytic fungal communities of sorghum.
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Qualimax genotype is a hybrid obtained by the crossing of saccharine and dry stems varieties and when compared to others sorghum genotypes it is considered superior due to its high adaptability to regions of harsh climate [27] . The results stand out
Aspergillus spp. as a predominant endophyte of
Qualimax. Aspergillus is a ubiquitous genus that produces asexual spores named conidia and its members possess the ability to grow under a wide range of temperature, pH, osmotic pressure, carbon source and oxygen concentration, and can establish different symbiotic relationships, such as parasitism, saprophytism and mutualism [32] . As a versatile and well-adapted fungus, it is possible that Aspergillus is overlapping other fungal genera more sensitive to biotic variations such as the characteristics of the Qualimax genotype.
Semi-arid region of Brazilian Northeast characterized by high temperatures, with an annual average of 25 °C, and a low annual average rainfall of approximately 450 mm [33] . EF that habit tissues of plants in semi-arid regions are well adapted to such conditions, making then an important source for agricultural appliance aimed to increase crop production under saline and drought stresses, for example [34] .
Despite the recognized importance of EF for crops such as sorghum, researches focus mostly on diversity and biotechnological application of endophytic bacteria [35] ; what emphasizes the lack of studies about EF, and even more in semi-arid region. Additionally, when the objective of the research is the plant microbiota, it is important not to exclude any group of microorganism, but consider the interactions between bacteria and fungi endophytes [36, 37] .
Antibacterial Activity
Screening and Agar Plug Assay
Among the 25 EF tested, 23 showed antimicrobial activity against at least one of the bacteria, Gram-positive or Gram-negative ( EF inhabit the interior of plant tissues; this constant interaction, associated with abiotic factors, generates the production of metabolites as response [38] . These metabolites may have biotechnological applications, as they are biologically active, including enzymes [39] , amino acids, vitamins, antibiotics, pigments [40, 41] , antitumor agents [42] , plant growth factors [43] , anthelmintics and antifungals [44] . The results of the present research show that EF from S. bicolor produce antibacterial compounds.
According to Schulz and Boyle [45] , most species of Acremonium, Alternaria, Cladosporium, Fusarium, Phoma, Pleospora and Phomopsis are considered a rich source of compounds of biotechnological interest because of their production of new metabolites. The current study presented that
Aspergillus sp. showed antibacterial activity against S. aureus, B. subtilis, E. coli and K. pneumoniae. The genus Aspergillus is also notable for producing a wide variety of both primary and secondary metabolites, including amino acids, vitamins, pigments and antibiotics [46] . The endophyte Fusarium sp. (42) was also isolated in the present study and inhibited the growth of all test bacteria, and Fusarium sp. (16) which also inhibited all bacteria, but not E. coli. In a similar study, isolates of the medicinal plant Aquilaria sinensis were tested and found that species of the genus Fusarium inhibited the growth of B. subtilis, S. aureus and E.
coli [47] .
The variety of secondary metabolites produced by a single endophyte has not been estimated yet [48] . Some studies report that certain EF produce compounds equally present in their hosts, for example some enzymes (cellulase and lignase) produced by Xylaria sp. and growth factors such as gibberellin produced by Fusarium; and also antitumor substances such as taxol in Taxomyces andreanae, among others. This fact suggests a transposition of genes between plants and fungi into a real in vivo genetic engineering [49, 50] .
Fermentation and Disk Diffusion Assay
Aiming to optimize the production of metabolites, four isolates were cultured in liquid medium and the crude extracts at different times were analyzed.
Syncephalastrum sp. (50) (Table 5) . A. niger (56) had the lowest inhibition with a halo of 5.7 mm against K. pneumoniea at 72 h, and reached only 9 mm at 120 h. In general, it was observed that there was an increase even if discrete in the production of the antimicrobial compound in liquid medium along cultivation time (Table 5) .
Microorganisms control the biosynthesis of metabolites using regulatory mechanisms to avoid overproduction. In some cases, the regulatory mechanisms process low levels that are undesirable for biotechnological application, then the optimization of physical and/or chemical factors can increase the output of the bioactive compounds [51] . In order to proceed with bioprospecting, it is necessary to verify if the microorganism still produces the bioactive compound in liquid culture medium, since it is under this condition that experiments are conducted in industrial scales. Large-scale production brings benefits such as higher production of microbial biomass and consequently greater production of the compound of interest [52] .
In this work, culturing time was the optimization factor evaluated, i.e., the crude extracts of fungi that showed the best results in agar plug assay were evaluated after 72, 96 and 120 h of culture in liquid medium. The best results were showed by Aspergillus sp. (59) [26] found that between 72 h and 96 h, pH 5-7 and malt extract culture medium were the best culture conditions for the production of the bioactive compounds. Among 16 EF submitted to the fermentation test, 10 exhibited antimicrobial activity. From these, 90% showed activity against S. aureus, 30% against B. subtilis and 10% against K. pneumoniae, with inhibition halos varying from 13 mm to 25 mm. Merlin et al. (2013) [53] conducted a research that aimed the optimization of culture conditions and the results showed that 9 d of incubation was the ideal time for the production of antibacterial metabolites, at the 10th day the production was slightly lower. The [55] used fungal extracts obtained directly from the fermented culture medium kept under agitation for 9 d and there was a greater number of susceptible bacteria with mean inhibition zones ranging from 6.0 mm to 12.5 mm in diameter against Salmonella enterica and S. aureus. As well as, a study developed by Wenzel et al. (2013) [56] in which the extracts obtained from the fermented medium presented antimicrobial activity against E. coli and S.
enterica.
In the present study, all fungi tested in liquid medium maintained their ability to produce the antibacterial compound under this condition. In general, it was observed that inhibition zones increased when the culture time was longer. Although this result is expected once inasmuch as longer cultivation time the greater the fungal biomass, studies indicate that a substantial reduction in the production of these molecules in axenic culture is common. In other words, no more interaction with the host or with other organisms may imply that there is no need to produce the compound anymore [57] . Thus, the results obtained in this work show a good potential of these fungi to be used in future experiments on a larger scale.
Conclusions
Several studies have revealed the positive effect of EF to its hosts, including higher resistance to abiotic and biotic stresses. Although their importance and their application in agriculture and biotechnology are recognized, there are few studies about EF from sorghum in Brazilian semi-arid region. In the present work, Aspergillus spp. composed the major fraction of EF, mainly from Qualimax genotype. This result indicates that characteristics of the plant may induce a selection of better-adapted fungi, which may interfere other fungal species and diminish the diversity of the endophytic community.
